B
OTH normal brain and brain neoplasms are unique in their wide variety of cellular components. One limitation placed on investigations of the brain and its tumors has been the necessity of working with whole tissue or homogenates of whole tissue which subserve a heterogenous population of cells. Many studies of the neoplastic nature of gliomas depend upon methods of analysis based upon fractionation of the whole tissue into its many parts. The first such separation would be the dissociation of the whole tissue into its individual cellular components and their identification. Subsequent subcellular separations might then be performed upon individual cell types.
The use of sodium tetraphenylboron (TPB) as a cell dissociation medium has been described by Rappaport and Howze in mouse liver, brain, kidney, and connective tissue. 4,~ This technique is based upon the potassium chelating ability of TPB, and the results of these studies in normal tissues have suggested that potassium rather than calcium is primarily responsible for the adhesiveness of cells one to another. The purpose of our study has been to concentrate upon the effectiveness of cell dissociation in normal rat and human brains, as well as in human brain tumors, to define the effect of this dissociating agent upon the respiratory ability of the cells, and to attempt separation of the various cellular components of brain and brain tumors utilizing possible physical differences (cell size, shape, and density) between the individual cell types.
Materials and Methods
Fresh rat brain tissue was obtained by sacrificing an animal and immediately removing the brain tissue. In most instances, the rats underwent intravascular perfusion with 0.3% TPB dissolved in 0.5 molar sucrose, 0.14 molar NaC1, and 0.005 molar sodium phosphate buffered to pH 8.3 with NaHCO3. Fresh human brain and tumor tissues were obtained from the operating room at the time of surgery.
Tissue to be dissociated was cross-cut with blades in petri dishes into pieces of about 3 X 5 mm in size and then was covered with a 0.3 % solution of TPB. The tissue pieces were incubated at 38~ and agitated gently for 2 hrs; the larger pieces of remaining tissue were then allowed to sediment by gravity for 15 min. The non-sedimented portion, which by hemocytometer observation was found to contain a high percentage of single cells, was then centrifuged for 5 min at 50 rpm in an International PR 2 centrifuge with a swinging bucket head. The resulting centrifugate was then resuspended in Ringer's solution (5 ml) for either layering onto a sucrose step gradient or introduction into a zonal centrifuge gradient of sucrose.
Sucrose step gradients were set up in polycarbonate centrifuge tubes by layering 20, 30, 40 and 66% sucrose (5 ml each) upon one another and placing on top a 5 ml dissociated cell sample in Ringer's solution. These cells were separated in the step gradient by centrifuging each tube for 2 hrs at 24,000 rpm in a No. 30 rotor of a Beckman L2 ultracentrifuge. The resulting bands of cells within the step gradient were photographed in the polycarbonate tubes, retrieved individually, and each passed through a millipore filter for subsequent Papanicolaou staining and histological examination.
For zonal separation, a dissociated cell sample was introduced into the core of a zonal centrifuge rotor previously loaded with a continuous sucrose gradient from 10 to FIo. 1. Sucrose step gradient bands of TPB-dissociated rat brain in polycarbonate banding tube. The three spheres suspended in the gradient have densities of 1.09, 1.15, and 1.27 (top to bottom). The three bands of cells are seen at densities of 1.10, 1.17, and 1.20. ///// 4 5 % (1,000 ml) with an outside cushion of 700 ml of 5 5 % sucrose while spinning at 2500 rpm. An integrated force s of 2,000 t~t was applied during centrifugal zoning of the cells prior to emptying the rotor while still in motion and with the gradient still oriented, thus permitting retrieval of the zones of cells. As the rotor was emptied, the gradient was passed through a Beckman spectrophotometer for monitoring of the ultraviolet ( U V ) absorbency of the particulate matter within the gradient. The gradient was then collected in 40 ml serial fractions, and the sucrose density in each fraction was determined by refractometry readings. The U V absorbency profile was used to select zonal peaks, and the fractions from these peaks were diluted with Ringer's solution and centrifuged for 2 hrs at 24,000 r p m in the ultracentrifuge. The resulting centrifugate from each zonal peak was passed through a Milli- FIG. 2A . TPB-exposed rat brain cells. Millipore filters. Left: Dissociated cells prior to sucrose step gradient separation. Various cell components of the brain can be seen: neuron (N), glia (G), and vessel (V). Center: Choroid (C) or ependymal cells in the dissociated cells prior to sucrose step gradient separation. Right: Cell processes (P) in 1.I0 density band from sucrose separation banding tube. Papanicolaou stain, • 500.
